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Description 

[0001] The present invention relates to a continuous process for the telomerization of conjugated dienes comprising 
reacting a conjugated diene selected from 1 ,3-butadiene and its 2- and/or 3-substituted derivatives with a compound 
5 containing an active hydrogen atom in the liquid phase in the presence of a Group VIII transition metal catalyst and a 
tertiary phosphorous, arsenic or antimony ligand compound. 

[0002] The telomerization reaction, which has been known per se for many years, involves the oligomerization and 
especially the dimerization of a conjugated diene under the concomitant addition of a nucleophilic agent, for example 
a compound containing an active hydrogen atom. The nucleophile is introduced mainly at the terminal position of the 

10 oligomer and especially of the dimer of the conjugated diene. 

[0003] Telomerization reactions catalyzed by Group VIII transition metal catalysts are described extensively in the 
prior art. In the late sixties and early seventies attention was primarily focussed on the optimization of conversion and 
selectivity of the telomerization reaction under batch conditions. Representative publications are US-A 3499042, US- 
A 3518315, US-A 3530187, GB-A 1178812, FR-A 1583249, NL-A 6816008, GB-A 1248593, NL-A 7003702, GB-A 

15 1354507, DE-A 2154370. 

[0004] As from the middle of the 1970's, research was directed to obtain a more catalyst-efficient telomerization 
process. In view of this desire, which was in part due to the relatively high costs of the catalyst used in the telomerization 
process, it was considered essential that after the telomerization reaction the catalyst is obtained (directly or indirectly) 
in an active form and then reused in the process. In most of the cases, however, the catalyst and the desired reaction 

20 products could not be easily recovered from the reaction mixture by means of separation techniques, such as e.g. 
distillation, precipitation or extraction. Extraction had the disadvantage that both the catalyst and reaction products 
were soluble in the organic solvents used for extraction. Distillation in general resulted in the catalyst remaining in the 
reaction by-products which were too heavy to be removed by distillation. Moreover, when distilling off the desired 
reaction products and/or the heavy by-products, special care should be exercised in view of the low heat stability of 

25 the catalyst, leading to catalyst decomposition or metallization at too high distillation temperatures, which would require 
regeneration of the catalyst. 

[0005] As the catalyst generally is dissolved in the reaction solution, the residual reaction solution obtained after 
distillation has been reused or, alternatively, the catalyst was recovered in metallic form by precipitating it from the 
reaction solution, optionally after removing reaction products and reactants. The former method, however, leads to an 

30 increasing amount of residual solution due to byproduct ion of high-boiling matter in repeated use of the solution and 
also to the problem of treatment of that portion of the catalyst which has lost its activity during the reaction. On the 
other hand, the latter method has the disadvantage of a complicated operation for reactivating the recovered material. 
[0006] The following prior art attempted to solve the above discussed problems. US patents 41 42060 and 421 9677 
describe a telomerization process to prepare 2,7-octadiene derivatives in the presence of a transition metal catalyst, 

35 preferably palladium, and a water soluble phosphine, wherein during or after the reaction water is introduced. The 
water phase obtained at the end of the process contains the water soluble phosphine and the transition metal catalyst. 
In this way the active transition metal catalyst may be recovered and reused in the process, thus obtaining a continuous 
process. 

[0007] US 4146738 describes a process for telomerizing a conjugated diene and an alkanol wherein prior to the 
^0 telomerization tetrakis(triphenyl phosphine) palladium is oxidized with oxygen to partially remove the triphenyl phos- 
phine ligands. The telomerization is then carried out in the presence of this partially oxidized catalyst system. Thereafter, 
the tetrakis(triphenyl phosphine) palladium is regenerated by adding appropriate amounts of the phosphine and simul- 
taneously distilling the telomerization product from the reaction mixture, thus recovering the tetrakis(triphenyl phos- 
phine) palladium catalyst precursor which is reused in the process as described above. 
<5 [0008] US 4196135 describes a special catalyst, bis[tri(orthototyl) phosphine] palladium for the telomerization of 
1 ,3-dienes. When after the reaction the telomerization product is distilled off at a temperature of lower than 150°C the 
particular catalyst complex is precipitated in the form of a solid. The catalyst can then be separated while maintaining 
its activity and can be immediately put to reuse. US 4021 383 discloses a batchwise process for oxyalkadienyl containing 
monohydric compounds by contacting conjugated dienes with acyclic polyols in the presence of a divalent palladium 
50 phosphine complex with a relative low ratio of diene to palladium of 100 - 10.000 and in the presence of a lewis acid 
promotor. 

[0009] US patents 4356333 and 4417079 describe a process for preparing n-octadienol by reacting butadiene with 
water in an aqueous sulfolane solution containing (bi)carbonate ions in the presence of a palladium catalyst, a mon- 
odentate phosphine of particular structure and a monodentate tertiary amine. In a next step the reaction mixture is 
55 extracted with a hydrocarbon and in a final step at least part of the extraction residue containing the active catalyst 
components is recycled to the telomerization reaction step. This process sequence is repeated in the examples up to 
thirty-two times. 

[0010] EP-A-21 81 00 describes two different methods for the telomerization of a conjugated alkadiene with an organic 
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hydroxy compound to produce an organo-oxyalkadiene. The first method comprises employing the organic hydroxy 
compound in an amount in excess of the amount stoichiometrically required, in the presence of a palladium catalyst 
and a phosphorous or antimony ligand, the reaction being conducted in the substantial absence of oxygen and in the 
presence of a high boiling organic solvent having a boiling point higher than that of the organo-oxyalkadiene. The 

5 organo-oxyalkadiene is then separated from the catalyst and the latter recycled for further telomerization. The second 
method comprises reacting the reactants in the presence of a palladium catalyst and a ligand carrying a hydrophilic 
group. The reaction is conducted in the substantial absence of oxygen and water and in the presence of a polar solvent 
to obtain a telomer, said telomer being extracted with a hydrocarbon solvent. DE 2148156 discloses a discontinuous 
process for reacting dienes with primary or secondary alcohols in the presence of palladium catalysts with a variety of 

10 ligand systems and a strong base. Diene to palladium ratios are below 11 .000. 

[001 1 ] In summary, many attempts have been made to develop a catalyst-efficient continuous telomerization process. 
These attempts were all directed to recover and recycle the catalyst, which was used in relatively high concentrations, 
as often as possible. 

[0012] The object of the present invention is to provide a catalyst-efficient continuous telomerization process which 

15 does not require recycling of the catalyst. 

[0013] Accordingly the present invention provides a continuous process for the telomerization of conjugated dienes 
comprising reacting a conjugated diene selected from 1 ,3-butadiene and its 2- and/or 3-substituted derivatives with a 
compound containing an active hydrogen atom in the liquid phase in the presence of a Group VIII transition metal 
catalyst and a tertiary phosphorous, arsenic or antimony ligand compound, characterized in that 20.000-1.000.000 

20 moles of conjugated diene are fed to the reaction zone at more than one point along the reaction zone per gram atom 
of the Group VIII transition metal of the catalyst fed to the reaction zone. 

[001 4] Surprisingly, it has been discovered that by using a high ratio between the conjugated diene fed to the reaction 
zone and the Group VIII transition metal catalyst fed to the reaction zone, expressed in moles of diene per gram atom 
of Group VIII transition.metal present in the catalyst (hereinafter referred to as "diene/catalyst ratio"), it is no longer 
25 required, in order to come to a catalyst-efficient continuous telomerization process, to recover the catalyst after the 
telomerization reaction step or zone in an active form and recycle it. In this way a favorable catalyst single pass or 
once through process may be obtained. 

[001 5] Another great advantage is that in a recovery step or zone which follows the reaction step or zone, the recovery 
of the desired reaction products can be optimized without having to consider conditions for keeping the catalyst in a 

30 form which can be recycled. 

[0016] The conjugated dienes employed as reactant in the process of the invention are 1 ,3-butadiene and its 2-and/ 
or 3-substituted derivatives or mixtures thereof. Exemplary of suitable substituents are alkyl and halogen substituents. 
Preferred alkyl moieties are lower alkyl, with methyl being particularly preferred. A preferred halogen substituent is 
chlorine. Suitable examples of conjugated dienes include 1 ,3-butadiene, isoprene, piperylene, 2,3-dimethyl-l,3-buta- 

35 diene, chloroprene and the like. 

[0017] In the process of the present invention preferably 1 ,3-butadiene is used. The 1 ,3-butadiene may be employed 
as pure butadiene or as a crude C 4 -hydrocarbons mixture. Such a crude C 4 -mixture contains, besides 1 ,3-butadiene, 
other C 4 -hydrocarbons such as butenes and butanes. These other C 4 -hydrocart>ons do not essentially influence con- 
version of the 1 ,3-butadiene and selectivity towards the desired telomerization product. Such a crude C 4 -hydrocarbon 

40 mixture can be produced as a by-product in the pyrolysis of naphtha, gas oil, LPG et cetera. As the selectivity and 
conversion towards the desired telomerization product, based on the 1 ,3-butadiene present in the crude (^-hydrocar- 
bons mixture, are about the same as for pure 1 ,3-butadiene, it is advantageous to use the crude C 4 -mixture in the 
present process since doing so avoids the investments and costs associated with first extracting and purifying the 
1 ,3-butadiene from the crude C 4 -mixture, which is one of the primary sources of 1 ,3-butadiene. The crude C 4 -mixture 

^5 produced in the cracking of naphtha, gas oil or LPG usually has a 1 ,3-butadiene content of 20 to 70 % by weight. When 
the crude C 4 -mixture contains acetylenes, it is advantageous to selectively hydrogenate the crude C 4 -mixture in order 
to remove these acetylenes prior to its use in the present process. 

[0018] The compound containing an active hydrogen atom employed as co-reactant in the process of the invention 
can be any compound containing at least one reactive hydrogen atom. Suitable examples include alcohols, hydroxy- 
50 aromatic compounds, carboxylic acids, ammonia, primary and secondary amines, compounds containing reactive 
methylene groups, silanols and water. In case a compound containing more than one reactive hydrogen atom is used, 
a product may be formed in which all of those reactive hydrogen atoms are replaced by an oligomerized, and especially 
dimerized conjugated diene unit. 

[0019] Exemplary of such alcohols are mono- or polyhydric alcohols containing primary OH-groups and which can 
55 be linear or branched saturated compounds having up to 20 carbon atoms, as well as unsaturated alcohols such as 
allylalcohol; especially the up to 8 carton atoms, such as methanol, ethanol, propanol, butanol, ethylene glycol, pro- 
pylene glycol, glycerol and the like. Preferably a primary aliphatic alcohol or a hydroxy aromatic compound is used, 
more preferably methanol or ethanol. Secondary alcohols like isopropanol and the cycloaliphatic alcohols such as 
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cyclopentanol and cyclohexanol may also be used advantageously. 

[0020] Exemplary of hydroxy-aromatic compounds are aromatic compounds containing one or more rings such as 
phenol, benzylalcohol cresols, xylenols naphtol, as well as polyhydric compounds such as resorcinol, hydroquinone 
and pyrocatechol. Also alkyl-, alkoxy- and/or halogen-substituted aromatic hydroxy compounds may be used, such as 

5 o-methoxy phenol, p-chloro phenol and the like 

[0021] Suitable examples of carboxylic acids include aliphatic carboxylic acids with up to about 20 carbon atoms. 
Preferred carboxylic acids are those having 1-6 carbon atoms such as, e.g. acetic acid, propionic acid, and butyric 
acid. Examples of suitable aromatic carboxylic acids include benzoic acid and toluene carboxylic acid. Representative 
examples of dibasic acids are adipic acid, the phthalic acids and the like. 

10 [0022] Exemplary of suitable amine compounds are ammonia and primary and secondary amines. Suitable amine 
compounds include for example primary aliphatic amines, such as methyl amine, ethyl amine, butyl amine, dodecyl 
amine and the like; primary aromatic amines, such as aniline, toluidine, benzyl amine and the like; secondary amines 
such as dimethyl amine, diethyl amine, N-methyl aniline, dicyclohexyl amine, methyl hexyl amine, and the like; as well 
as poiyamines such as phenylene diamine, ethylene diamine; and heterocyclic amines, such as piperidine, pyridine 

15 and the like. 

[0023] Suitable examples of compounds containing reactive methylene groups include acetyl acetone, benzoyl ac- 
etone, esters of acetyl acetic acid, such as ethyl acetyl acetate, diethyl maleate, and nitrated compounds such as 
nitromethane. 

[0024] As co-reactant in the process of the present invention also water may be used. This results in the production 
20 of an unsaturated alcohol. Water as co-reactant requires the use of a solvent in order to secure a homogeneous reaction 
mixture, as water and the conjugated diene normally do not mix. 

[0025] The preferred telomerization product of the present process is a 1 -alkoxy or aryloxy substituted 2,7-alkadiene, 
and more preferably l-methoxy-2,7-octadiene resulting from the telomerization reaction between methanol and 
1 ,3-butadiene. 

25 [0026] In general the ratio between the compound containing an active hydrogen atom and the conjugated diene 
(hereinafter referred to as "reactant ratio" and expressed in moles of compound containing an active hydrogen atom 
fed to the reaction zone per mole of conjugated diene fed to the reaction zone) is higher than 0.5. According to the 
present invention the compound containing an active hydrogen atom is fed to the reaction zone in a relative amount 
of preferably 1 to 20 moles, and more preferably 1 to 10 moles per mole of conjugated diene. 

30 [0027] The catalyst to be used in the process of the present invention can be any catalyst which, when the reactants 
are contacted in its presence under suitable reaction conditions, promotes the formation of an oligomer, and especially 
dimer, of the conjugated diene under concomitant addition at its terminal position of the compound containing an active 
hydrogen atom. Examples of telomerization catalysts are the transition metals Fe, Co, Ni, Ru, Rh, Pd, Os, Ir and Pt 
(hereinafter referred to as "Group VIII transition metals") and compounds thereof, including those supported on an 

35 inert carrier Suitable examples of such catalysts for use in the process of the present invention are described in an 
article of A. Behr titled "Homogeneous Transition Metal Catalysts" in Aspects of Homogeneous Catalysis (1984), Vol. 
5, pages 3-73. It is preferred that the catalyst is homogeneous under reaction conditions. 

[0028] Preferably a nickel, rhodium, palladium or platinum catalyst is used as the Group VIII transition metal catalyst, 
more preferably a palladium catalyst. Both palladium(ll) compounds and palladium(O) complexes may be used in the 

40 present process. Examples of suitable pailadium(ll) compounds include: palladium(ll) salts, such as palladium bromide, 
palladium chloride, palladium formate, palladium acetate, palladium propionate, palladium octanoate, palladium car- 
bonate, palladium sulfate, palladium nitrate, palladium borate, palladium citrate, palladium hydroxide, palladium aryl- 
or alkylsulfonates, sodium or potassium chloropalladate; compounds of formula PdX 2 L 2 in which X is a monovalent 
acid residue and L is a ligand selected from the group of organic nitriles, such as benzonitrile, tertiary amines, e.g. 

^5 pyridine, quinoline, picoline, lutidine and triethylamine, an example of such a PdX 2 L 2 compound being dichlorobis 
(benzonitrile) palladium; palladium chelates such as palladium acetylacetonate; n-allyl complexes, like n-allyl palladium 
chloride or acetate, and bis(n-allyl) palladium; and 1 ,5-cyclooctadiene palladium chloride. It is noted that in case a 
palladium halide is used, also a catalyst activator is required, in order to dissociate the palladium halide in the solution 
so as to form a catalytically active species. Suitable palladium(O) complexes include a wide variety of ligands, such as 

50 phosphines, alkenes, dienes, nitriles. Examples of these include tetrakis(triphenyl phosphine) palladium, bis(l ,5-cy- 
clooctadiene) palladium, and the like. 

[0029] In the process of the present invention preferably a divalent palladium compound is used as catalyst, and 
more preferably palladium(ll) acetylacetonate. This palladium salt is readily available, relatively inexpensive and gives 
excellent results. 

55 [0030] Besides the Group VIII transition metal catalyst there is also employed in the process of the present invention 
a tertiary phosphorous, arsenic or antimony ligand compound. Suitable ligand compounds comprise the substituted 
hydrides of phosphorous, arsenic or antimony and especially those in which the hydride is fully substituted by alkyl, 
alkoxy, cycloalkyl, aryl and/or aryloxy groups. Also ligand compounds in which two phosphorous, arsenic or antimony 
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atoms, respectively, are attached to each other through an alkylene group can also be used. Examples of the latter 
compounds include diphosphines, diarsines and distibines. 

[0031] Tertiary phosphines which may be used advantageously include phosphines containing (cyclo)alkyl and/or 
aryl groups. Examples of suitable trialkyl phosphines are triethyl phosphine, tri-n-butyl phosphine, tri-isobutyl phos- 
phine, tripentyl phosphine, trihexyl phosphine, trioctyl phosphine, trilauryl phosphine, lauryl dimethyl phosphine, hexyl 
dipropyl phosphine and ethyl butyl octyl phosphine. Examples of suitable phosphines containing one or more aromatic 
groups or cycloalkyl groups are tricyclohexyl phosphine, triphenyl phosphine, tri(p-tolyl) phosphine, dimethyl phenyl 
phosphine, methyl diphenyl phosphine, tri(m-ethylphenyl) phosphine and tri(2,4-dimethyl phenyl) phosphine. A suitable 
diphosphine which may be used is bis(diphenyl phosphine)-ethane. Also the arsine and antimony homologs may be 
advantageously used. The above-mentioned ligand compounds may further be substituted by halogen atoms, such 
as chlorine atoms, nitrile and/or nitro groups and the like. Also ligand compounds which contain in addition hydrophilic 
groups, such as -COOM, -S0 3 M, and/or -NH 2 groups attached directly or via an alkylene group to the phosphine 
substituent(s), may be used. In the above-mentioned groups M represents an inorganic or organic cationic residue, 
such as an alkali or alkaline earth metal cation, a quaternary ammonium ion or the like. In particular ligand compounds 
containing hydrophilic substituents are used when water is used as co-reactant. 

[0032] When a mono or multivalent Group VIII transition metal compound, such as a divalent palladium compound 
is used as the catalyst, it may be reduced by the conjugated diene present in the reaction system. The active species 
appear not to be formed instantaneously, but they take a certain period of time to be formed, which time period is 
referred to as the induction period. It has been found that by adding a compound having basic properties (hereinafter 
referred to as "catalyst promoter) the induction period is surprisingly diminished to substantially zero. 
[0033] Suitable catalyst promoters include alkali metal, alkaline earth metal or quaternary ammonium hydroxides, 
alcoholates or alkoxides, enolates, phenoxides, alkali metal borohydride, hydrazines and the like. As catalyst promoter 
preferably the alkali metal salt, especially the sodium or potassium salt of the compound containing an active hydrogen 
atom is used. These alkali metal safts, for example, may be added as such or may be formed in situ by dissolving an 
alkali metal in the compound containing an active hydrogen atom. 

[0034] The ligand compound is generally fed to the reaction zone in a relative amount of 1 to 20 moles, and preferably 
2 to 1 5 moles of ligand compound per gram atom of the Group VIII transition metal of the catalyst. The ligand compound 
may be added as separate compound to the reaction mixture or zone or to the catalyst make-up solution, or it may be 
incorporated in a Group VIII transition metal catalyst complex. When, for example, tetrakis(triphenyl phosphine) pal- 
ladium is used as catalyst compound, it is generally not necessary to add additional triphenyl phosphine as ligand 
compound. 

[0035] The catalyst promoter is usually employed in an amount which is at least approximately stoichiometric to the 
amount of catalyst employed. Preferably the catalyst promoter is fed to the reaction zone in a relative amount of at 
least 0.5, more preferably at least 1 , to not more than 1 ,000 moles, and more preferably not more than 150 moles of 
promoter per gram atom of the Group VIM transition metal catalyst. 

[0036] In the present process 20.000-1 .000.000 moles of conjugated diene are fed to the reaction zone per gram 
atom of the Group VIII transition metal of the catalyst fed to the reaction zone. Preferably at least 50,000 moles of 
conjugated diene are fed per gram atom of the Group VIII transition metal of the catalyst. The upper limit of the diene/ 
catalyst ratio is not critical, and can be as high as 1 ,000,000. 

[0037] In the process according to the present invention the conjugated diene is fed to the reaction zone at more 
than one point along the reaction zone. By feeding a first stream of the conjugated diene to the beginning of the reaction 
zone and one or more further streams downstream of this point, a high diene/catalyst ratio can be maintained over a 
substantial portion of the reaction zone, which has a beneficial influence on the reaction rate. 
[0038] The process of the present invention may be conducted in the presence or absence of a solvent which is 
capable of dissolving the reactants and catalyst and is inert to the reactants and the products prepared therefrom. 
When one or more of the reactants are not liquid under reaction conditions or if the reactants are poorly miscible or 
substantially immiscible with each other (e.g. water and 1 ,3-butadiene) then preferably a solvent is used to secure the 
desired homogeneous system. Any solvent that will solubilize the conjugated diene, the compound containing an active 
hydrogen atom and the catalyst, ligand and optional promoter components may be used in the present process. Suitable 
inert solvents are (cyclo)alkanes, for example C^^-alkanes and cyclohexane or a mixture thereof; aromatic com- 
pounds, e g benzene, toluene, xylene, naphthenes; a polar solvent, such as tertiary alcohols, an amide, e.g. acetamide, 
dimethyl acetamide or dimethyl formamide; a nitrile compound, such as acetonitrile or benzonitrile; a ketone, e.g. 
acetone or methyl ethyl ketone; an ester compound, such as ethylene glycol diacetate; an ether compound, e.g. ethyl 
ether, propyl ether, dioxane, tetrahydrofuran, and anisole, or a lower alkyl-disubstituted ether of mono- or diethylene 
glycol; and dimethylsulfoxide and sulfolane. Also in some cases water may be used as solvent. 
[0039] The process according to the present invention is preferably conducted in the substantial absence of oxygen, 
as oxygen reacts with the ligand compound and consequently results in decreased catalyst activity. 
[0040] The temperature at which the process of the present invention is carried out is not critical. Normally, temper- 
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atures between ambient temperature and 150°C can be used. Preferably, the reaction temperature is 50-1 00°C and 
more preferably 70-1 00°C. 

[0041 ] The pressure at which the telomerization reaction is carried out is not critical provided it is sufficient to maintain 
the reaction mixture in the liquid state. Generally the reaction pressure lies between 1 and 40 bars, preferably between 

5 5 and 30 bars and most preferably between 10 and 20 bars. 

[0042] In view of the very low catalyst concentrations used in the process of the present invention, the reaction 
mixture should be allowed sufficient time to react. It has been found that the catalyst remains active even after a long 
residence time in the reaction zone, provided a large excess of conjugated diene is present. Generally, residence times 
of from 0. 1 to 1 00 hours give good results, depending on reaction temperatures, reactants, catalyst system and optional 

10 solvent. Preferably residence times lie between 0.1 and 20 hours and more preferably between 0.2 and 10 hours. 
[0043] As reaction unit any type of continuous reactor unit may be used. Examples of suitable reactors include a 
continuously stirred tank reactor and a tubular reactor. In the process according to the present invention it is preferred 
to carry out the telomerization reaction in a tubular reactor, and more preferably the reaction is carried out in a tubular 
reactor with plug flow. 

15 [0044] As mentioned hereinbefore, in the product and catalyst recovery step of the process attention can be focused 
primarily on the product recovery. This means that the telomerization product can be isolated by means of any suitable 
method without having to consider keeping the catalyst in an active or recuperable form. It goes of course without 
saying, that as much catalyst as possible is removed from the process stream. After the catalyst is removed it may be 
regenerated, discarded or used for some other purpose. So according to the present invention a high catalyst efficiency 

20 may be obtained without having to recycle the catalyst in an active form, i.e. in a catalyst once through or single pass 
process, whereas the prior art processes require recovery of the active catalyst and reuse of it on a continuous basis. 
[0045] Depending on the physical properties of reactants, catalyst components, optional solvent and desired telom- 
erization product, the desired product may be isolated by subjecting the reaction mixture to one or more distillation, 
extraction, or other well known separation techniques, or a combination thereof. In case of distillation, the catalyst 

25 generally remains in the distillation residue. It may be separated from the residue by precipitation or filtration or any 
other suitable known method. The unconverted reactants are generally separated by means of distillation techniques 
and reused in the telomerization process. 

[0046] In case a crude C 4 -hydrocarbons mixture is used then the telomerization reaction is carried out in such a 
manner that as much of the 1 ,3-butadiene present in the crude C 4 -hydrocarbons mixture is converted, because recycle 
30 of the used crude C 4 -hydrocarbons mixture would lead to build-up of unreactive butenes and butanes in the reaction 
mixture. 

[0047] Although in the process of the present invention the relative amounts of reactants and catalyst components 
are expressed as amounts fed to the reaction zone, it will be clear that not all of the reactants and catalyst components 
need to be introduced into the reaction zone as separate streams. For example, one or more of the catalyst components 
35 may be added to the stream of the compound having an active hydrogen atom, and this combined stream may then 
be added to the reaction zone. Other embodiments may also be used without deviating from the spirit of the present 
invention. 

[0048] The telomerization products produced according to the present invention are useful intermediates for a variety 
of applications, such as e.g. in the preparation of surfactants, herbicides, saturated ethers, alcohols, acids, esters, 
40 herbicides, etcetera. In particular, the telomerization products produced from 1 ,3-butadiene are valuble intermediates 
in the production of 1-octene, by subjecting said products first to a hydrogenation reaction to give a 1 -substituted 
octane, which subsequently is decomposed to give 1-octene. 

[0049] The process according to the present invention is further illustrated by means of the following examples which 
show different embodiments of the present process, though are not intended to limit the scope of the invention. 

45 

Example 

[0050] In the following experiment a tubular reactor with plug-flow is used to carry out the process according to the 
present invention. The plug-flow reactor is provided with a jacket in order to control the temperature in the reactor by 
so means of water flowing through the jacket. The conjugated diene, the compound containing an active hydrogen atom 
and the catalyst solution are fed to the reactor. During the experiment the reaction pressure is maintained at 14 bar in 
order to maintain all reactants in the liquid phase. 

[0051] The catalyst solutions used in the experiment are prepared as follows. 

[0052] Catalyst solution A is prepared by dissolving 60 g of palladium acetylacetonate (0.2 moles) and 103 g of 
55 triphenyl phosphine (0.4 moles) in 18 I of deoxygenated methanol; resulting in a Pd concentration of 11 mmole/l. The 
ligand/catalyst ratio is 2. 

[0053] Catalyst solution B is prepared by dissolving 1 8 g of palladium acetylacetonate (59 mmole) and 31 g triphenyl 
phosphine (118 mmole) in 16 1 of deoxygenated methanol; resulting in a Pd concentration of 3.7 mmole/l. The ligand/ 
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catalyst ratio is 2. 

[0054] In the Example below conversion (expressed in moles of conjugated diene converted/moles of conjugated 
diene fed x 1 00 %), selectivity towards telomerization products (expressed as moles of conjugated diene converted to 
the telomerization product/total moles of conjugated diene converted x 1 00 %) and catalyst efficiency (expressed as 
grams of desired product/gram of catalyst transition metal used) are specified for different residence times in the plug 
flow reactor. This was done by taking samples of the reaction mixture along the plug-flow reactor and analyzing these 
samples by gas chromatography. 
[0055] In the Example below, 

MOD-1 is 1-methoxy-2,7-octadiene (desired product) 
MOD-3 is 3-methoxy-1,7-octadiene, and 
OT is 1,3,7-octatriene. 

[0056] 2.5 kg/h of deoxygenated methanol, 0,7 kg/h of 1 ,3-butadiene and 60 g/h of catalyst solution A are fed into 
the plug-flow reactor which is maintained at a temperature of 90°C. The initial concentrations are: 1 8.2 mole/I of meth- 
anol, 3.0 mole/l of 1 ,3-butadiene and 194.4 ^mole/I of Pd. The initial 1 ,3-butadiene/Pd ratio is 15,000 mole/gram atom 
and the initial methanol/1 ,3-butadiene ratio is 6 mole/mole. An additional flow of 0.4 kg/h of 1 ,3-butadiene is injected 
half way through the reactor. 
[0057] The results are summarized in Table 1 . 



TABLE 1 



Residence time [h] 


Conversion [%] 


Selectivity [%] 


Catalyst efficiency [g MOD-1/g Pd] 






MOD-1 


MOD-3 


OT 




2.1 


88 


86.1 


6.0 


7.3 


12,400 



Claims 

1 . Continuous process for the telomerization of conjugated dienes comprising reacting a conjugated diene selected 
from 1 ,3-butadiene and its 2- and/or 3-substituted derivatives with a compound containing an active hydrogen 
atom in the liquid phase in the presence of a Group VIII transition metal catalyst and a tertiary phosphorous arsenic 
or antimony ligand compound, characterized in that 20,000 -1,000,000 moles of conjugated diene are fed to the 
reaction zone at more than one point along the reaction zone per gram atom of the Group VIII transition metal of 
the catalyst fed to the reaction zone. 

2. Process according to Claim 1 wherein as conjugated diene 1.3-butadiene is used. 

3. Process according to Claim 2 wherein a crude C 4 -hydrocarbon mixture containing 1 .3-butadiene is used. 

4. Process according to any one of the preceding Claims wherein as compound containing an active hydrogen atom 
is used a primary aliphatic alcohol or an aromatic hydroxy compound. 

5. Process according to Claim 4 wherein methanol or ethanol is used. 

6. Process according to any one of the preceding Claims wherein l-methoxy-2.7-octadiene is prepared. 

7. Process according to any one of the preceding Claims wherein the compound containing an active hydrogen atom 
is fed to the reaction zone in a relative amount of 1 to 20 moles per mole of conjugated diene. 

8. Process according to any one of the preceding Claims wherein a palladium catalyst is used as the Group VIII 
transition metal catalyst. 

9. Process according to any one of the preceding Claims wherein as ligand compound is used a tertiary phosphine 
containing (cyclo)alkyl and/or aryl groups. 

10. Process according to any one of the preceding Claims wherein the ligand compound is fed to the reaction zone 
in a relative amount of 1 to 20 moles per gram atom of the Group VIII transition metal of the catalyst. 



EP 0 461 222 B2 



11. Process according to any one of the preceding Claims wherein the reaction is carried out in the presence of a 
compound having basic properties as catalyst promoter. 

12. Process according to Claim 11 wherein the catalyst promoter is an alkali metal salt of the compound containing 
an active hydrogen atom. 

13. Process according to any one of the Claims 11 or 12 wherein the catalyst promoter is fed to the reaction zone in 
a relative of 1 to 1 .000 moles of promoter per gram atom of the Group VIII transition metal catalyst. 

14. Process according to any one of the preceding Claims wherein the temperature is about 50-1 00°C. 



Patentanspruche 

1. Kontinuierliches Verfahren zur Telomerisierung konjugierter Diene, umfassend das Umsetzen eines konjugierten 
Diens, ausgewahlt aus 1 ,3-Butadien und dessen 2- und/oder 3-substituierten Derivaten, mit einer ein aktives Was- 
serstoffatom enthaltenden Verbindung in flussiger Phase in der Gegenwart eines Gruppe Vlll-Ubergangsmetall- 
katalysators und einer tertiaren Phosphor-, Arsen- Oder Antimontigandenverbindung, 

dadurch gekennzeichnet, 

daf3 der Reaktionszone 20.000 bis 1 .000.000 Mol konjugiertes Dien pro Grammatom des Gruppe Vlll-Ubergangs- 
metalls des der Reaktionszone zugefuhrten Katalysators an mehr als einer Stelle entlang der Reaktionszone zu- 
gefuhrt werden. 

2. Verfahren nach Anspruch 1 , wobei als konjugiertes Dien 1 ,3-Butadien verwendet wird. 

3. Verfahren nach Anspruch 2, wobei ein C 4 -Kohlenwasserstoffrohgemisch, enthaltend 1 ,3-Butadien verwendet wird. 

4. Verfahren nach einem der vorhergehenden Anspruche, wobei als ein aktives Wasserstoffatom enthaltende Ver- 
bindung ein primarer aliphatischer Alkohol Oder eine aromatische Hydroxyverbindung verwendet wird. 

5. Verfahren nach Anspruch 4, wobei Methanol Oder Ethanol verwendet wird. 

6. Verfahren nach einem der vorhergehenden Anspruche, wobei 1 -Methoxy-2,7-octadien hergestellt wird. 

7. Verfahren nach einem der vorhergehenden Anspruche, wobei die ein aktives Wasserstoffatom enthaltende Ver- 
bindung in einer relativen Menge von 1 bis 20 Mol pro Mol konjugiertes Dien der Reaktionszone zugefuhrt wird. 

8. Verfahren nach einem der vorhergehenden Anspruche, wobei ein Palladiumkatalysator als der Gruppe Vlll-Uber- 
gangsmetallkatalysator verwendet wird. 

9. Verfahren nach einem der vorhergehenden Anspruche, wobei als Ligandenvertindung ein (Cyclo)alkyl- und/oder 
Arylgruppen enthaltendes tertiares Phosphin verwendet wird. 

10. Verfahren nach einem der vorhergehenden Anspruche, wobei die Ligandenverbindung in einer relativen Menge 
von 1 bis 20 Mol pro Grammatom des Gruppe Vlll-Ubergangsmetalls des Katalysators der Reaktionszone zuge- 
fuhrt wird. 

11. Verfahren nach einem der vorhergehenden Anspruche, wobei die Reaktion in der Gegenwart einer Verbindung 
mit basischen Eigenschaften als Katalysatorpromotor durchgefuhrt wird. 

1 2. Verfahren nach Anspruch 1 1 , wobei der Katalysatorpromotor ein Alkalimetallsalz der ein aktives Wasserstoffatom 
enthaltenden Verbindung ist. 

13. Verfahren nach einem der Anspruche 11 Oder 12, wobei der Katalysatorpromotor in einer relativen Menge von 1 
bis 1000 Mol Promotor pro Grammatom des Gruppe Vlll-Ubergangsmetallkatalysators der Reaktionszone zuge- 
fuhrt wird. 



14. Verfahren nach einem der vorhergehenden Anspruche, wobei die Temperatur etwa 50 bis 100°C betrSgt. 
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Revendications 

1 . Procede en continu pour la teiomerisation de dfenes conjugu6s consistant k faire reagir un diene conjugue choisi 
entre le 1 ,3-butadiene et ses derives 2-et/ou 3-substitu6s avec un compost contenant un atome d'hydrogene actif, 
en phase liquide, en presence d'un catalyseur k base de metal de transition du Groupe VIII et d'un compose ligand 
tertiaire de phosphore, d'arsenic ou d'antimoine, caracterise en ce que 20 000 k 1 000 000 moles de diene conjugue 
sont introduites dans la zone de reaction en plus d'un point le long de la zone de reaction par atome-gramme du 
metal de transition du groupe VIII du catalyseur introduit dans la zone de reaction. 

2. Procede selon la revendication 1 , dans lequel on utilise le 1 ,3-butadifcne comme diene conjugue. 

3. Procede selon la revendication 2, dans lequel on utilise un melange brut d'hydrocarbures en C 4 contenant du 
1 ,3-butadiene. 

4. Procede selon I'une des revendications precedentes, dans lequel on utilise comme compose contenant un atome 
d'hydrogene actif un alcool primaire aliphatique ou un compose aromatique hydroxyie. 

5. Procede selon la revendication 4, dans lequel on utilise le methanol ou rethanol. 

6. Procede selon I'une des revendications precedentes, dans lequel on prepare le 1-m6thoxy-2,7-octadiene. 

7. Procede selon I'une des revendications precedentes, dans lequel le compose contenant un atome d'hydrogene 
actif est introduit dans la zone de reaction k raison de 1 k 20 moles par mole de diene conjugue. 

8. Procede selon I'une des revendications precedentes, dans lequel un catalyseur k base de palladium est utilise 
comme catalyseur k base de metal de transition du Groupe VIII. 

9. Procede selon Tune des revendications precedentes, dans lequel on utilise comme compose ligand une phosphine 
tertiaire contenant des groupes (cyclo)alkyle et/ou aryle. 

10. Procede selon I'une des revendications precedentes, dans lequel on introduit le compose ligand dans la zone de 
reaction k raison de 1 k 20 moles/atome-gramme de metal de transition du Groupe VIII du catalyseur. 

11. Procede selon Tune des revendications precedentes, dans lequel la reaction est effectuee en presence d'un com- 
pose ayant des proprietes basique comme amorceur de catalyseur. 

12. Procede selon la revendication 11, dans lequel I'amorceur de catalyseur est un sel de metal alcalin du compose 
contenant un atome d'hydrogene actif. 

13. Procede selon I'une des revendications precedentes, dans lequel I'amorceur de catalyseur est introduit dans la 
zone de reaction k raison de 1 a 1000 moles d'amorceur par atome-gramme du catalyseur k base de metal de 
transition du Groupe VIII. 

14. Procede selon I'une des revendications precedentes, dans lequel la temperature est d'environ 50-1 00°C. 



